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(54) TItUi METHOD FOR THE PREPARATION OF OTALOPRAM 



^ OF* ^ b ? tra . ct: A &r *» PreP^tion of cltalopmm comprising reaction of a compound of formula 5-aminomethvl-l-tf- 

^ d^me^yla^no-propyO^-CA-flnora-ph^yy-U^hy^l^benzote^ with an oxidising agenl to prepare cltalopmm. 
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Method for the Preparation of Citalopram 

The present invention relates to a method for the preparation of the well-known anti- 
depressant drug citalopram, 1-p^dimelhyli^^ 
5 S-isobenzofuianoaitoonitrilo. 



Background of the Invention 

Citalopram is a well-known antidepressant drug that has now been on the market for some 
10 years and has the following structure: 




It is a selective, centrally acting serotonin (5-hydroxytryptannne; 5-HT) reuptake inhibitor, 
15 accordingly having antidepressant activities. The antidepressant activity of the compound 
has howl reported in several publications, eg. J. Hyttel Prog. Neuro-Psychophcamacol & 
Biol Psychiat 1982, 6. 277-295 and A. Gravexn, Acta Psychiatr. Scand 1987, 75, 478- 
4S6. The compound has further been disclosed to show effects in the treatment of dementia 
and cerebrovascular disorders, EP-A 474580. 

20 

Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This 
patent publication describes the preparation of citalopram by one method and outlines a 
further method, which may be used for preparing citalopram. 



25 According to the process described, the corresponding l-(4-fluorophmyl>l,3^ydro-5» 
ifiobenzofurancarbonitrile is reacted with 3^N-dimetfcyla2^ in the 

presence of methylsulfinytaethide as condensing agent The starting material was prepared 
from the corresponding 5-brorao derivative by reaction with cuprous cyanide. 

30 According to the method, which is only outlined in general terms, citalopram may be 
obtained by ring closure of the compound: 



CONFIRMATION COPY 
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^CH 2 OH 




15 



20 



75 



Formula H 

fattepnm. of a dehydrating agsnt and eubsawont change of ft. J4ltomo 

^ m ittem » !diate to «"= jaopanuSon of otedopram wae 
desoribad m u S Patau, No 4,650,884, aoooxding to an totonnodiata of «J5ZT^ 




10 £ Formula ZH 

^f>t 10 " ^ Cl ° SUre reaCtitm by d ^***°a with ^ng sulfide acid in order to 
obtain catalog Tne mtennediate of Formula m was prepaid from 5 -^ hflialide by 

NNrir f^""*"* - ^ 4-fIuorophenyl — JZgcoide J 
N,N-dimemylaniinDpropyl magnesium halogenide, respectively. 

9^lTT™ ™ Mteni2tional P«** No S . WO 9801951 1, WO 

98019512 and WO 980J9513. WO 98019512 and WO 98019513 relate to methods 
wnerein a 5-ammo-, 5^catboxy- or 5<sec. axmnooaxbonyl^hmaHde is subjected to two 
Bocceseive Grignam reactions, ring closure and conversion of the resulting 1 3. 
diydroisobenzo&ran derivative to the corroding 5-cyano compound, i.e. citalopram. 
international patent application No. WO 98019511 discloses aprocess forlhe manufacture 
of crtalopran wherein a (4^bstituted-2-hvdr 0X y^^^^ 

coinpound is subjected to ring closure and the resulting 5-sabstitnted l^fluorophenyl)- 
l^dibydxoisobenzofuran converted to me corresponding 5-cyano derivative which is 
AUcylated with a (3-dimemylainmo)propy]halogenide in order to obtain citalopram. 
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? fW Prep9ling 1116 of oitalopmn an, disclosed UJ 

TOW No 4,943,590 fiom which it .fee appears that the ri^g closure of the mtennediaie 

of Formula m may be carried out via a labae eater with a base. 

5 * ^ ™% surprisingly, been found thai citalopram ma y be n^ufectuied by a novel 
fevourable and safe procedure using convenient starting materials. 

Summary of the invention 

10 Accordingly, the present mvention relates to a novelmethod for the preparation of 
citalopram comprising reaction of a compound of Formula IV 




Formula XV 



with an appropriate oxidising agent such as copper© and 0 2 , orNiSO, and SLS,0 
to afford citalopram ~ " 8 



IS 




Formula I 

which is isolated as the base or a pnarmaceuticalfy acceptable salt thereof 

In anomer aspect, the invention relates to methods for preparing me mtemiediates of 
20 Formula IV. 

In yet anomar aspect, the present invention relates to an antidqn-essant pharmaceutical 
composition comprising citalopram as the base or any convenient salt thereof 
manufectured by me process of the invention. 
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Furthermore, according to the invention, the compounds of Formula IV may be prepared 
by different methods. 

One of these methods includes the following steps: 




aooc 




nooc 



VI 






6^carboxy-3-(4-fluoTophenyl)phfoaIide is reacted with an alcohol, R.-OH, wherein R is 
preferably lower alkyl, most preferably Me, in the presence of a dehydrating agent, 
jo preferably SOCU. 



The resulting compound of Formula VI is alkylated with 



15 wherein X is a leaving group in the presence of a suitable base. X is preferably halogen 
solphonate. 



or 



20 



Optionally, the alkylating reaction is a stepwise alkylation. In this case, the resulting 
compound of Formula VI is alkylated with a compound having the formula 



wherein X' is a suitable leaving group and R* is -CH 2 -0-Pg, -GH^-NPgjPgj, 
-CO-NCCHJ,, -OKOR^COR 2 ), -CCORKOR'XOR*) or -COOR 3 , wherein Pg is a 
25 protection group for an alcohol group, Pg, and are protection groups for an amino 
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group, R 1 and R a are alkyl groups or R l and R 2 together farm a chain of 2 to 4 carbon 
atoms and R 3 , R 4 , R s and R* are alkyl, alkenyl, alkynyl, aryl or aralkyl; 

to foim a compound of Formula XVEH 



5 




Formula XVHI 



wherein R* is as defined above; followed by conversion of the group R* to a 
dimethylarnf-nnTnetfayl group. 

The resulting compound of Formula VII is reacted with a reducing agent such as L1AIH4, 
10 Red-Al, AlHj or activated forms of NaBH^ e.g. NaBH«, Me^SO^ NaBH«, I*; NaBEL,, 

EF 3 . EtaO; ox B 2 H^; followed by treatment with acid or another dehydrating agent to 
perform ring closure to form the compound of Formula VHI. 

The alcohol of Formula VJLU is conveniently activated by tosylchloride or mesylcMoride to 
15 form the corresponding substituted sulphonatej or the alcohol is converted into the 
corresponding benzylic halide. This conversion is preferably carried out with SOBr 2 or 

socv 

The corresponding sulphonate or halide is either converted directly to the compound of 
20 Formula IV by reaction with liquid 

or by a reaction with a metal salt of phthalimide, preferably potassium phfhalamide 

followed by treatment with NtySfH^ or by treatment with an amine in an alcohol, ie. 

R & NH z /R 9 -OH, wherein R B and R* are lower alkyl, preferably methyl or ethyl, e.g. 

methylaminc in ethanol; 
25 or by a reaction with metal azide, MN 3 , M preferably being Na orK; followed by treatment 

with a reducing agent such as Pd/C and or a hydrate source such as LiAlHj orNaBH* or 

an activated form of it. 

Another method for preparing the compound of Formula IV includes the following steps: 

30 
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HDOC 





6- ca iboxy-3-(4.fluorophenyl)pldhaHd e is conveniently reacted with a dehydrating agent 
suchasthionylohloride, followed by anmiolvsis of the resulting activated acid derivative. 

The resulting compound of Formula IX is alkylated with 




wherein X is a leaving group in the presence of a suitable base. X is preferably halogen 
10 sulphonate. 



or 



Optionally, the alkylating reaction is a stepwise alkylation analogous to the stepwise 
alkylation described above. * 

15 The resulting compound of Formula X is reacted with a reducing agent such as LiAffiC 
Red-AI, A1K, or activated forms of NaBKC,, e.g. NaBH*. Me,SO,; NaBH,, 1^ NaBH^ 
BF^O; or BJI,; followed by treatment with acid or another dehydrating agent to 
perform ring closure to form the compound of Formula IV. 

20 According to a third method for preparing the compound ofFormula IV, the corresponding 
6-cyano substituted derivative of 6^boxy-3<4^fluoiophetryl)phthatide is prepared. 



HOOC 





The carboxy derivative is either reacted with SOd, followed by treatment with ammonia 
and finally a dehydrating agent such as SOC^ to prepare the cyano derivative of Formula 
25 XI; 

or reacted with an alcohol R-OH in the presence of acid followed by treatment with 
ammonia and finally reacted with SOCl 2 ; or reacted in a one-pot process such as with 
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S^CNH^ SOC1, and sulfokne, or with fert-butylamino, a dehydrating agent such as 

POCl 3 and a suitable solvent, such as toluene. 

The resulting compound of Formula XI is alkylated with 



wherein X is a leaving group in the presence of a suitable base. X is preferably halogen, or 
sulphonate, 

Optionally, the alkylating reaction is a stepwise alkylation analogous to the - stepwise 
io aflcylation described above. 

The resulting compound of Formula XH is reacted with a reducing agent such as I4AIH4, 
Red-Al, AlHj car activated forms of NaBBU, e.g. NaBH^, MejSO^ NaBBL,, L,; NaBH^, 
BFj.BtjO; or B^; followed by treatment with acid to perform ring closure to form the 
15 compound of Formula IV. 

Other reaction conditions, solvents, etc. for the reactions described above are conventional 
conditions for such reactions and may easily be determined by a person skilled in the art 

ao hi another aspect, the present invention provides the novel intermediate of Formula V. 

In a further aspect, the invention relates to methods for preparing the intermediate of 
Formula V. 

25 One stepwise process fbr preparing the intermediate of Formula V is illustrated below: 




m-xylene and p-fluorobenzoyl chloride, which are commercially available compounds are 
reacted in the presence of AlO, to afford the compound of Formula XIV. This compound 
30 is oxidised with permanganate, preferably KMnO„ or NaMnQ,, giving the resulting 
compound of Formula XHT, which is finally reacted conveniently with Zn in acid, 
preferably acetic acid. 
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Alternatively, the compound of Formula TV is nrenared ft™ «. 

XHIby the follow s tep^ eprocess * ^ &m *» <* ^nnula 



HOOC 




XV 





XVII 




Thccozopound of Formula xm is reacted with a reducing agent such as LiAIH. w AT 
5 A1H, or activated forms of NaBU, e.g. NaBH,, M^O^S* fet^S'^^ 

Su^ 

10 form the conespondmg subbed ^ or the alcohol ia convexTed irT^ 
corr^ondmg benzyl* hand, This conversion is preferaMy carried ont s££ 

15 FoimulaXV^byreacncmwifttHquidaimnonia; 

or by a reaction with a metal salt of pbmalimidc, preferably potassium phfhalatnide 
S H ^: ™ ° r * - — - amine in ^££5 
S 318 — -W P— <T »fl* or emy, e.g. 

20 azide MN„ M preferably being Na orK; toUowed by treatment 

^tnaredncmg agent such as Pd/C and H, or a hydride source SU ch as LiAffi, orNaBH, or 
an activated form thereof. wr iNamo, or 

The resulting compound of Formula XVH is alkylated with 



25 
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Optionally, the alkylating reaction is a steppe alkyktion analog to th« -* • 
alkykticm described analogous to the stepwise 



10 



alkylation described above. 

Optionally the step, of the alkylate and the conversion to the cyano derivative are in 
opposxteo.dereolheoonversionto the cy^o d^ taprtB JSJZSST 

Throughout the specification and claims, the terms lower alky! or alkyl refer to a 
^.unbrancl^^^ 

^LtiS 2 '^ ««" *— W**^ 

carbon atoms, mcludmg one double bond and triple bond respectively, such as elhenyl, 
propenyl, butenyl, ethynyl, propynyl, and butynyl. 

The term arylrefers to amono- or bicyclio carbocycfic aromatic group, such as pheny! and 
20 na P hthyl,m particular phenyl. P Y 

The term aralkyl refers to aryUIkyl, wherein aryl and alkyl are as defined above. 
Halogen means chloro, bromo or iodo. 

The compound of general Formula I may be used as the free base or as a phannaceutically 
acceptable acid addition salt thereof As acid addition salts, such salts formed with organic 
ormorganic acids may be used. Exemplary of such organic salts are those with maleic. 
fumanc, benzoic, ascorbic, succinic, oxalic, Wsmethylenesalicylic, methaneaulfomc, 
emanedisulfonie. acetic, propionic, tartaric, salicylic, citric, gluconic, lactic, malic, 
mandehc, cmnamic, citraconic, aspartto, stearic, palmitic, itacorric, glycol p- 
ammobenzoic, glutamic, benzene sulfonic and theophylline acetic acids, as wen as the 8- 
halottieophyllines, for example 84,romotheophylline. Exemplary of such inorganic salts 
are those with hydrochloric, hydtobronric, sulfuric, sulfamic, phosphoric and nitric acids. 

The acid addition salt* of the compounds may be prepared by methods known in the art 
The base is reacted with either the calculated amount of acid in a water nuacible solvent 
such as acetone or ethauoL with subsequent isolation of the salt by concentration and 



25 



30 



35 
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The pharnmoeuttoal formulations of the invention may be tm,^ k 

memods in the art. For tablets may be prepay nSTe L T***"* 

coronal tablettmgmachine. Examples of adjults J^Z^eX V 
potato ataroh, talcum, .oagnesiuxa karate, gelatine, lactose^ ^1 ? ^ 

compaaie^ihmeacthreingredieiits. * Provided that they are 

aonmves m a part of the solvent for injection, preferably sterile water adiustinir A* 

™is. Any stable additive conventionally use* in the art may be added, J^TjJZ 
20 agents, preservatives, antioxidants, etc. ^ed, sue* as tonicity 



30 



35 



Examples 

The invention is further illustrated by the following examples. 
Example 1 

tsobenzofitrcm - . 

l^metfcy!^^ 

^TT^S' 4 & 16 ' 2mm0l)waS di-lvedmdryTHFCSmL) and diluted wifc dry ether 
(50 mL). This solution was added dropwise to a refluxing suspension offifhrmn 
aluminium hydride (2.5 g, 65 mmol) in dry ether (1 50 mL) over 10- 15 minutes, after 
wmch the resulting suspension Was heated at reflux for a further 4 h. The solution was 
allowed to cool to room temperature and was stirred at room temperature overnight The 
reachon was quenched with a minimum ofwater, and the resulting solution/suspension was 

washed with THF. The combined filtrate, were evaporated to give an oiL The oil was 

rnlT^TT^ 00 ** ^ " ^ ^--^ofsnlfuricacidClO 
ml,70/ov/V)tor3h. The mixture was diluted with water, and the P H was adjusted to >9 
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JtoHtoDtf^a^,^^^ Hie toW was set,™ * „ 

compound as a yellow oil (4.4 g i 84%), ^MlfflLCCDC^eiJS-t^Ofa Iffi Ua., « 

S - U ^ 6 ' 96 ft ^ ™ * IH), 7.21 (d, IB), 7.22 (d. IH), 7.45 (dd, 2H> 

Example 2 

Citalopram, HBr 

O 0 & 30 ™>D 5A molecular ™ (24 g) inTyridine (150 
^ol)w^ad<led, a nd f hen^ e w ass tirredfor3h. Farther copperO) dflitoj g. 

^ H ° f&ei ^ WMa ^ to> ^y^^tionofa q ueou S ammo I ua 
solution (25% wA,). The solutions diluted with toluene and filtered The organic phase 
wasseparated. and the aqueous was washed with further toluene. The combined organic 
extracts were washed with water, dried over anhydrous sodium sulfate and evaporated 
The residue was treated with heptane and was evaporated to give an oil (11.1 g ) T hi s on- 
20 was di^rved in acetone and treated with aqueous hydrohromic acid (7 ml, 47% w/v) The 
solution was evaporated, and the residue was dissolved in fco-propanol (100 mL). The 
aoluuonwas stirred overnight. The resulting precipitate was filtered and dried to give the 
rfflrsaltofdtalopramasawhitepowder^^g, 66%). The filtrate was evaporated and 
the ody residue was shaken with ether and allowed to stand overnight. Filtration of the 
» solution gave further HBr salt of citalopmn as a brown solid (1.7 g, 14%). 'HhJMR^d 6 - 
DMSO): 5 1.35-1.50 (m, 1H ), 1 .50-1.60 (m, IH). 2.25 (t, ZH), 2.69 (s, 3H), 3.00-3.10 (m, 

r^9 7 27 i?^ 25 (4 ih) ' 7,18 {% 761 m 777 ^ ih) - ? - 82 (d - ih) ' 7,83 

30 Example 3 

l-(4-Fh*oTo-pheryl)-3-oxo-l, 3-dihydr^UdbemoM^S-carboxylic acidmethyl ester 
A stirred suspension of H4-fluorc^henyr>3-a*o-^^ ' 
acid (1 g, 3.7 mmol) in thionyl chloride (25 mL) was heated at reflux for25imn, during 
which tune the soKd dissolved. The thionyl chloride was then evaporated, and the residue 
35 was dissolved in toluene, and again evaporated. The residue was stirred in methanol (25 
mL) overnight, during which time a heavy precipitate formed. The solvent was 
evaporated, and the residue was partitioned between aqueous ammonia solution (25% w/v) 
and toluene. The organic phase was separated, dried over magnesium sulfate and 
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5 Example 4 

« 0*. 1^), 8.24 (b Sl IS), t3A (dd> jh), s. 42 (s> ^ * 7JI4 <■*• IB * 7 -*> 

Example 5 

T" 05 ^ * m0nyl < 40 »*> andDMP (0.25 

mhot EPA (100 mL). On coohng, crystals cf the title compound was fonned Yield: 7 8 * 



25 



Example 6 

S^T^SS A ^mnoO was added, and me mtetere was stirred for 1 j^La 
(25 g) was added, and the mixtore was filtered, and me residue was washed wxm- a lT2 
sohtton of ethyl acetate ^ heptane . ^ e ^ was * 

^rrrrr^ 0 ^ 2 '^ 90 ^ ,HNMR ^^): 5 4.72(s,2H),5.11 (d, 
35 1B)> ? '° 4 C4 ^ 7 ' 17 ft ( * ^ 738 ^ 7 ' 45 
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Example 7 

A suspension of ^ro^^l^^^y^^ 

W2S Washed ^ ^ ™ e «^eons phase was then basified to nH > 9 
The toluene exteacts wadded over anhydrous magnet sulfate md ^ 
10 ^7r d " 3 yeW ° r ^ e ^ * 40%). *H N MR(d«-DMSO):53.72( S , 

Example 8 

15 Citalppram 

To absolution of S-^^ 

U-dfoydm-isobenzofuran (05 g, 1 .5 mmoj) in dichloromethane (10 mL) was added an 
aqueous solution of potassium bisulfate and sodium hydroxide (19 mL; 0 2 M in K-S O 
3.8 mmol; 0.4 M in NaOH, 7.6 mmol), followed by an aqueous solution of nickel suite 

20 (1.5 mL. 40 mM, 61 umol). The mixture was stirred vigorously for 4 days, andwasthen 
filtered through celite. The filtrate was partitioned between aqueous sulfuric acid (2 M) 
andtoluene. The aqueous layer was separated, and the pH of the mixmre was adjusted to 
>9 by the addition of aqueous anunonia solution (25% w/v). The solution was extracted 
with toluene, and this latter toluene extract was dried over magnesium sulfate and 

25 evaporatedto give me debase of citalopiam as a very pale y e u owo a( 0 .35g s 70%) 

Example 9 

Zink (38 g, 0.58 mol) was suspended in acetic acid (400 mL). The mixture was heated to 
30 60 °C. 2,4^oarboxy-t'-fluoro-ben 2 oph E uone (21 g, 0.075 mol) was added in portions of 5 
grams. After addition, the reaction mixture was heated at reflux temperature for two hours. 
The suspension was filtered while it was still hot The nitrate was added to ice-water (1 kg) 
and the title compound was isolated by filtration. Yield 17.8 g (90%). 'HNMR(d 6 - 
DMSO): 8 6.84 (a, IH), 7.17 ft 2H), 7.43 (dd, 2H), 7.59 (d, IH), 8.31 (d, IB), 8.35 (s, 1H). 



PAGE 24/34 * RCVD AT 6/5/2006 1 1:55:01 AM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-3/20 • DN1S:2738300 » CSID:312 616 5700 1 DURATION (mm-ss):08<56 



JUN. 5. 2006 1 1:04AM 

WO 01/85712 

Claims 
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14 



H_N 




with an oxidising agent to afford citalopram 



Formula IV 



NC 




10 



Formula I 

which is isolated as the base or a pharmaceutical^ acceptable .alt Wot 

2. The method of claim 1, characterised in that the intermediate of Formula IV is 
prepared by activating lhe alcohol of Formula VEtt 




£> Formula VtTT 

activated derivative followed by aminolysis to form me compound of Formula IV 
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PCT/DK01/00333 




Formula IV 



5 L^7*° d f Cl3im 25 * ** ^ Mediate of Formula VIH i 

5 prepared by rea^tog the coxDpoimd of Formula VH 



ROOC 



with a reducing agent, 




Formula VII 



10 4. The method of claim 3, characterised in that the intermediate of Formula Vn 
prepared by alkylating the compound ofFomuila VI 



18 



ROOC 




Formula VI 



optionally by stepwise alkylatioiL 



15 



5. The method of claim 4, chamferfced in that <te immediate of Formula VI is 
prepared by reacting the coiBpound of Formula V 
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with an alcoho! R-OH in the presence of a dehydrating agent 



5 L^,T bad T 1 T *' *™ taHwd ***** mtermediate of Formufe IV is 
prepared by reaotrng the compound ofFonnula X 

p 




with a reducing agent followed by ring closure to form the 



Formula X 
compound of Formula IV 




Formula IV 



10 



7. The method of claim 6, characterised in that the intermediate of Formula X is 
prepared by alkylating the compound of Formula IX 
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HjNOC 




FormtilalX 



optionally by stepwise sdkylation. 



5 8. ^method of claim 7, characterised in tMt the intense of Formula IX is 
prepared by reacting the compound of Fommla V 



HOOC 




Formula V 



with a dehydrating agent such as ihionylchloride followedby autolysis of the result™ 
10 activated acid derivative; 



9t 1116 metilod of claim characterised in thai the mteamediate of Formula IV 
prepared by reacting the compound ofPonmila XH 



15 




Formula XH 



with a 



iog closure to form the compound of Fotmula IV 
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Formula IV 




Formula XI 



optionally by stepwise atkylafon. 



U ' ^ metSxod of cIa ^ 10, characterised in that the intermediate tfWi. vr . 
id prepare by converting the compound of Formula V HHsnnealate of Fammla 3SI is 



HOOD 




Formula V 



to the corresponding cyano eubstituted compound. 



15 
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12. A compound ofFommla V 
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19 




Formula V 



13. A method for the preparation of an intermediate of claim 12 comprising a W m*™, 
5 reaction of a compotand of Formula XUl comprising a ring closure 



HOOC 




Formula Xm 



with a 



agent 



10 



l^Thc method of claim 13, wherein the reducing agent is Zn in acad, preferably 



acetic 



15. The method of claim 1, characterised in that the intermediate ofFozmuIa IV is 
15 prepared by alkylating the compound of Formula XVH 




Formula XVH 

optionally by stepwise ablation to form the compound of Formula IV 
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Formula iy 



lS.Themofbodof claim 15, characterised to tot the i^edaaa of * , „ 
P^dby aminos to of Mediate of Pora^ ^ „ 




FonnuJaXVI 



17. Tie method of claim Id, characterised in that the mtermediate of Formnl* wr - 
prepared by activating the alcohol of Formula XV ^* TO 13 




20 j? FotmulaXV 

by a ^bstituted sulphonate or converting the alcohol into a bsnzylic 
activated derivative. y 



halide or another 



15 
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15. An antii 



10 
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